10
collect PM using different filters at the same time, including quartz fiber filter, glass 1 filter and polytetrafluoroethylene filter to analyze different chemical components of 2 PM. And the portable TVOCs Analyzer is used to monitor the concentration of total 3 VOCs with isobutylene as correction coefficient gas. Besides, a temperature sensor is 4 installed near the smoke outlet to test the flue gas temperature. A total of 33 sets of 5 samples for HH, 20 sets for DFH and 23 sets for XYH were collected, with 3 to 5 sets 6 for each operating mode. 7 The OC and EC were measured on a 0.544 cm 2 quartz filter punched from each filter 3.0 amu with a detection limit lower than 0.01 ng ml -1 , and the error was less than 5%.
21

Data Analysis
22
Carbon balance formula was used to calculate the EFs for all exhaust gas components.
23
It was assumed that all carbon in the fuel was emitted as carbon-containing gases (CO,
24
CO 2 , and TVOC) and carbon-containing particulate matter. So there was a certain 25 equilibrium relationship between the carbon in the fuel and in the exhaust:
27
where C F represents the mass of C in per kg diesel fuel (g C kg -1 fuel); R FG represents 28 the flue gas emissions rate (m³ kg -1 fuel); and c(C CO ), (C CO 2 ), (C PM ), and 1 (C TVOC ) represent the mass concentrations of carbon as CO, CO 2 , PM, and TVOC 2 (g C m -³ ) in the flue gas, respectively.
3
The EF for CO 2 was calculated as follows:
where CO 2 is the EF for CO 2 (g kg -1 fuel), (CO 2 ) is the molar concentration of 6 CO 2 (mol m -³ ), and M CO 2 is the molecular weight of CO 2 (44 g mol -1 ).
7
The remaining EFs were calculated as follows:
x is the EF for species X (g kg -1 fuel), △X and △ CO 2 represent the 10 concentrations of X and CO 2 with the background concentrations subtracted (mol m -³ ), 11 and M X represents the molecular weight of species X (g mol -1 ).
12
In addition, average EFs for each vessel were calculated based on actual operating 13 conditions, as follows: where EF X,P is the power-based emission factor for species X (g kW h -1 ), FCR is fuel 22 consumption rate for each vessel (kg fuel (kW h) -1 ).
23
3 Results and discussion vessel HH were higher than those of the two higher engine power vessels. concentrations were significantly different. For example, the maximum value was 12 observed in idling mode and the minimum value in medium speed mode for HH. All 13 three ships had the lowest CO concentrations at their economic speeds (medium speed 14 for HH, cruise mode for DFH, and high speed for XYH), demonstrating that their 15 engines are optimized for the most common operating mode.
16
More than 80% of the NO x was NO in this study, with NO 2 and N 2 O accounting for 17 <20% in all operating modes ( Fig. S1 ). Again, nearly all of these concentrations were 18 higher in the exhaust gas of HH than in that of the two vessels. In high speed modes, 19 all of the vessels had high concentrations of NO x . NO x emissions mainly depend on 20 the combustion temperature of the engines. More powerful combustion systems 21 operate at higher temperatures, thereby producing more NO x (Corbett, 1999).
22
However, the NO x emissions were much lower than for the inland vessels studied by 
